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1  INTRODUCTION 

Plants  can  activate  promutagens  into  stable  mutagens  and  these  genotoxic  agents  may  be 
hazardous  to  the  environment  and  to  the  public  health.  Plant  systems  have  been  widely  employed 
in  classical  and  environmental  mutagenesis.  However,  the  environmental  and  human  health  impact 
of  plants  exposed  to  environmental  xenobiotics  were  not  well  recognized  until  the  presence  of 
pesticide  contaminants  in  food  supplies  caused  alarm.  The  capability  of  plants  to  bioconcentrate 
environmental  agents  and  activate  promutagens  into  toxic  metabolites  is  significant  when  one  realizes 
the  inunense  diversity  of  xenobiotics  to  which  plants  are  intentionally  and  unintentionally  exposed. 
Finally,  we  all  must  be  attentive  to  the  effects  that  toxic  agents  may  have  on  the  biosphere  and  the 
grave  ^obal  consequences  that  would  result  in  a  disruption  in  the  carbon  qrcle. 

Plant  activation  is  the  process  by  which  a 
promutagen  is  metabolically  transformed  into  a 
mutagen  by  a  plant  system.  In  mammalian 
systems  the  majority  of  em^es  participating  in 
oxidative  desulfuration,  dealkylation,  epoxida- 
tion,  or  ring  hydroxylation  involve  cytochrome 
P450-type  monoo:tygenases.  It  is  unknown  if 
microsomal  (^ochrome  P-4S0  in  plants  have 
enzymatic  characteristics  similar  to  those  of 
mammalian  liver.  The  optical  and  magnetic 
properties  of  plant  qrtochrome  P-450  are  simi¬ 
lar  to  those  of  hepatic  microsomes.  Although 
limited  data  exist  about  the  inducibility  of  plant 
cytochrome  P-450,  it  is  unknown  if  there  is  an 
equivalent  indudble  system  to  hepatic  mono¬ 
oxygenases.  Plant  peroxidases  catalyze  the 
oxidation  of  a  diverse  class  of  xenobiotics.  Per¬ 
oxidases  are  ubiquitous  in  plants,  however,  only 
limited  data  are  available  that  demonstrate 
their  participation  in  the  in  vivo  metabolism  of 
foreign  compounds. 

The  plant  activation  of  m-phenylenediarnine  (m-PDA)  has  been  well  studied  in  our  laboratory. 
m-PDA  is  activated  into  potent  frameshift  mutagens  by  a  number  of  cultured  plant  cell  species  as 
detected  by  Salmonella  typhimwium  tester  strains  in  the  plant  cell/miciobe  coincubation  assay 
(Figure  1).  The  purpose  of  this  report  is  to  review  our  recent  findings  on  the  plant  activation  of 
aromatic  amines  and  to  present  a  working  model  of  the  biochemical  mechanisms  involved. 

1.1  Plant  Cell/Microbe  Coincubation  Assay 

The  assay  is  based  on  employing  living  plant  cells  in  suspension  culture  as  the  activating  system 
and  specific  microbial  strains  as  the  genetic  indicator  organism.  The  plant  and  microbial  cells  are 
coincubated  together  in  a  suitable  medium  with  a  promutagen.  The  activation  of  the  promutagen 
is  detected  by  plating  the  microbe  on  selective  me^a;  the  viability  of  the  plant  and  microbial  cells 
may  be  monitored  as  well  as  other  components  of  the  assay  (Figure  2).  Long-term  plant  cell 
suspension  cultures  of  tobacco  {Nicotiana  tabacum),  cell  line  TXl  were  maintained  in  MX  medium. 
5.  typhimurium  strains  TA98  and  YG1024  were  separately  used  as  the  genetic  indicator  organisms. 
A  cell  culture  was  grown  at  28^  to  early  stationary  phase,  and  the  cells  were  washed  and  sus- 


Figure  1  Activation  of  m-PDA  by  various  plant  cell  species 


in  the  plant  cellAnicrobe  coincubation  assay. 
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pended  in  MX'  medium.  MX'  medium  lacks 
plant  growth  hormone.  The  fresh  weight  of  the 
plant  cells  was  adjusted  to  100  mg/ml,  and  the 
culture  was  stored  on  ice  30  min)  until  used. 

An  overnight  culture  of  S.  typhimurium  was 
grown  from  a  single  colony  isolate  in  100  mi  of 
Luria  broth  at  3TC  with  shaking.  The  bacterial 
suspension  was  centrifuged  and  washed  in  100 
mM  potassium  phosphate  buffer,  pH  7.4.  The 
titer  of  the  suspension  was  determined  spectro- 
photometricalty  at  660  nm  and  adjusted  to  1  x 
10”  ceUs/ml,  and  the  culture  was  placed  on  ice. 

In  the  coincubation  assay,  each  reaction  mix¬ 
ture  consisted  of  4.5  ml  of  the  plant  cell  sus¬ 
pension  in  MX'  medium,  0.5  ml  of  the  bacte¬ 
rial  suspension  (5  x  10’  cells),  and  a  known 
amount  of  the  promutagen  in  ^25  /xl  dimethyl- 
sulfoxide.  Concurrent  negative  controls  consist¬ 
ed  of  plant  and  bacterial  cells  alone,  heat-kiUed 
plant  cells  plus  bacteria  and  the  promutagen, 
and  both  buffer  and  solvent  controls.  These 
components  were  incubated  at  28‘’C  for  1  h 
with  shaking  at  150  rpm.  After  the  treatment 
time,  the  reaction  tubes  were  placed  on  ice. 

Itiplicate  0.5  ml  aliquots  (~5  x  10*  bacteria) 
were  removed  and  added  to  molten  top  agar 
supplemented  with  550  ^iM  histidine  and  biotin.  The  top  agar  was  poured  onto  Vogel  Bonner  (VB) 
minimal  medium  plates,  incubated  for  48  h  at  3TC,  and  revertant  his*  colonies  were  scored.  The 
remainder  of  the  reaction  mixture  was  used  to  determine  the  viability  of  the  plant  and  bacterial  cells. 
One  volume  of  cold  250  mM  sodium  citrate  buffer,  pH  7,  was  added  to  each  reaction  tube  which 
was  then  placed  on  ice.  0.5  ml  of  this  suspension  was  removed  and  mixed  with  2  ml  of  MX'  medi¬ 
um.  The  viability  of  the  TXl  cells  was  immediately  determined  using  the  phenosafranin  dye 
exclusion  method.  The  viability  of  the  bacterial  cells  was  determined  by  adding  1  ml  of  the  cold 
reaction  mixture  to  1  ml  of  cold  100  mM  phosphate  buffer,  pH  7.4.  A  Elution  series  using  phos¬ 
phate  buffer  was  conducted  so  that  approximately  300  to  500  cells  were  added  to  each  of  three 
molten  LB  top  agar  tubes  and  poured  upon  LB  plates.  After  incubation  at  37"C  for  24  to  36  h,  the 
bacterial  colonies  were  counted. 

2  RESULTS  AND  DISCUSSION 
2.1  Current  Working  Model 

Our  current  model  of  the  TXl  cell  activation  of  m-PDA  is  oq  the  data  presented  in  this  report 
and  from  our  previous  studies.  The  model  (figure  3)  —  albeit  simplistic  and  incomplete  — 
integrates  our  data  into  a  mechanistic  framework  and  serves  as  a  foundation  for  new  experimental 
designs.  The  model  has  seven  components.  They  are,  (1)  the  aromatic  amine  (R-NHi)  is 
transported  into  the  plant  (TXl)  cell,  (2)  TXl  intracellular  peroxidase  oxidizes  the  molecule 
(R-NHOH),  (3)  the  metabolite  is  conjugated  to  a  macromolecule  (R-NHOH-conjugate),  (4)  the 
amine-a)njugate  is  secreted  into  the  extracellular  medium,  (5)  the  conjugate  or  a  deconjugated  piant- 


PLANT/MICROBE  COINCUBATION  ASSAY 

Bacterial  Genetic  Tester  Adjusted  to  1  x  1<y®  cells/ml 
(in  lOOmM  PPB  pH-7.4) 
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Place  triplicate  amounts  or  0.5ml  of  reaction  mixture  into 
2  ml  or  molten  selective  medium  top  agar. 

Pour  on  selective  medium  plates. 


Fignre  2  Diagram  of  the  plant  cellAniorobe  coincubation 
assay. 
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activated  metabolite  is  absorbed  by  the  Salmo¬ 
nella  tester  strains  (TA98  or  YG1024),  (6)  the 
plant-activated  ^^hydro:tylated  product  is 
acetylated  (R-NHO-COCHj)  and  deacetylated 
by  the  bacterial  acetyl-CoA:  iV-hydroxyaiyl- 
amine  O-acetyltransferase,  and  (7)  the  deacety¬ 
lation  results  in  a  highly  reactive  nitrenium  ion 
(R-NH^). 

2.2  Involvement  of  TXl-Cell  Peroxidase 

In  our  model,  the  aromatic  amine  is  N- 
hydro^lated  by  intracellular  TXl-cell  peroxi¬ 
dase  (Hgure  3,  step  2).  Support  for  this  comes 
from  our  studies  employing  en^me  inhibitors. 

We  studied  seven  in^itors  for  their  ability  to 
affect  the  plant  activation  of  2-aminofluorene 
(2-AF)  or  m-PDA.  The  resolution  of  the  plant 
cell/microbe  coincubation  assay  is  sufficiently 
high  that  the  effect  of  /tM  to  mM  concentra¬ 
tions  of  specific  inhibitors  was  easily  detected. 

We  also  determined  if  each  inhibitor  was  a 
direct-acting  mutagen,  a  plant-activated  pro¬ 
mutagen,  or  a  toxic  agent  to  the  cells.  Our  data  indicated  that  plant  cell  peroxidases  play  a  major 
role  in  the  TXl  cell  activation  of  m-PDA  and  2-AF  (\^^gner  et  al.,  1989;  1990). 

An  example  of  an  inhibition  analysis  is 
presented  in  Figure  4.  Diethyldithiocarbamate 
(DEDTC)  in  a  concentration  range  of  25 
/iM-50  mM  inhibited  the  TXl  activation  of  500 
fiM  m-PDA.  Under  these  conditions  the 
viability  of  TXl  or  TA98  cells  were  not  affect¬ 
ed.  DEDTC  was  not  a  direct-acting  mutagen 
to  'IA98.  A  significant  decline  in  activation 
occurred  above  75  fiM  DEDTC  with  50% 
inhibition  induced  at  approximately  1  mM  We 
discovered  that  DEDTC  suppressed  the  TXl 
ceil  activation  of  aromatic  amines  by  inhibiting 
intracellular  peroxidases  (Plewa  et  al.,  1991). 

Intact  TXl  ceils  were  exposed  in  vivo  to 
DEDTC  concentrations  from  250  /aM-25  mM 
for  1  h.  After  the  cells  were  washed,  TXl  cell 
homogenates  were  prepared  and  both  peroxi¬ 
dase  activity  and  protein  content  were  mea¬ 
sured.  Peroxidase  activity  was  measured  by 
determining  the  oxidation  of  guaiacol  by  ob¬ 
serving  the  change  in  absorbance  at  470  nm. 

TXl  ceils  exposed  to  DEDTC  express  reduced  peroxidase  activities  when  normalized  on  a/ig  protein 
basis.  Figure  4  illustrates  that  within  the  range  of  100  /iM-10  mhi  DEDTC  the  rate  of  inhibition 


peroxidase  activity  and  the  represskn  of  TXl  cell  activation 
ofm-PDA  as  a  function  of  dieth^dithiocarbaniate  concentra¬ 
tion. 


Figure  3  A  hypothetical  schematic  of  our  mcxlel  for  the 
plant-activation  of  m-phenylenediamine. 


4 


of  peroxidase  (O)  paralleled  the  rate  of  repression  of  TXl  cell  activation  of  m-PDA  (□).  These 
data  indicate  that  the  activation  of  m-PDA  by  TXl  cells  is  directly  dependent  on  the  activity  of  TXl 
cell  peroxidase. 

2.3  Isolation  of  the  Plant-Activated  m-PDA 

Product 

For  m-PDA  the  plant-activated  product  can 
be  easily  isolated  from  the  extracellular  medi¬ 
um.  The  activated  promutagen  is  a  very  stable 
frameshift  mutagen;  medium  recovered  from 
treated  TXl  cells  have  retained  their  mutagenic 
characteristics  after  6  months  of  storage  at  4^C. 

TXl  cells  were  treated  with  500  /iM  m-PDA 
for  3  h  ^le  shaking  at  28^C.  The  cells  were 
removed  from  the  medium  by  centrifugation. 

The  supernatant  fluid  was  recovered  and  centri¬ 
fuged  at  100,000  xg  for  3  h  at  4°C.  Under 
these  conditions  large  molecules  >1,000  kDa 
should  sediment  out.  The  supernatant  from  the 
control  and  treated  cells  was  assayed  for  muta¬ 
genicity.  Reaction  tubes  contained  concentra-  (untreated)  cells  and  cells  treated  with  500  fiM.  m-PDA. 

tions  of  the  ultracentrifuged  supernatant  that 

ranged  from  0.5-10.0%,  1  x  10’  YG1024  cells  and  100  mM  phosphate  buffer,  pH  7.4  to  a  total 
volume  of  1  ml.  The  tubes  were  shaken  for  1  h  at  37®C.  500  /xl  aliquots  were  add^  to  supplement¬ 
ed  molten  top  agar  and  poured  onto  VB  plates.  The  plates  were  incubated  for  72  h  at  3TC  and 
scored.  The  data  presented  in  Figure  5  illustrate  that  the  supernatant  recovered  from  the  treated 
cells  contain  a  frameshift  mutagen  while  the  control  supernatant  is  negative. 


2.4  Conjugation  of  the  Aromatic  Amine  Me- 

tabolite(s) 

After  the  TXl -cell  peroxidase-mediated 
metabolism  of  the  aromatic  amine,  we  propose 
that  the  product  is  conjugated  to  a  macromole¬ 
cule  and  transported  into  the  extracellular 
medium  (Figure  3,  steps  3  and  4).  In  another 
series  of  experiments  we  used  supernatants 
from  control  and  m-PDA-treated  TXl  cells. 
The  supernatants  contained  molecules  of 
sl,(XX)  kDa.  These  supernatant  fluids  were 
concentrated  by  being  passed  over  an  Amacron 
YMKX)  or  XM3(X)  ultrafiltration  filter  that  had 
either  a  1(X)  kDa  or  3(X)  kDa  cutoff.  One  liter 
of  each  supernatant  type  was  concentrated  10  x 
to  a  100  ml  retentate.  Both  the  retentate  and 
filtrate  were  collected.  The  YMIOO  and 
XM3(X)  retentates  contained  molecules  with 


Fifure  6  Mutagenicity  of  the  YMIOO  and  XM300  ultrafiltra¬ 
tion  retentates. 
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molecular  weights  from  100  kDa,  1,000  kDa  and  300  kDa-1,000  kDa,  respectively.  The  YMIOO  and 
XM300  filtrates  isolated  molecules  <100  kDa  and  <300  kDa,  respectively.  These  fractions  from 
both  control  and  treated  cells  were  analyzed  for  mutagenicity  using  5.  typhimwium  strain  YG1024 
(Figure  6).  Under  preincubation  conditions,  fil  samples  were  exposed  to  5  x  10*  cells  for  1  h  at 
3TC  while  shaking.  Into  each  reaction  tube,  2  ml  of  supplemented  molten  top  agar  was  added  and 
poured  onto  VB  plates.  After  72  h  incubation  at  37“C,  the  plates  were  scored  for  his*  revertants. 
The  data  indicate  that  only  the  YMIOO  and  XM300  retentates  from  the  m -PDA-treated  TXl  cells 
were  mutagenic;  the  other  fractions  from  both  the  treated  and  control  group  were  negative.  The 
mutagen  is  associated  with  the  treated  TXl  cells  in  a  fraction  that  includes  molecules  from  300 
kDa-1,000  kDa.  The  molecular  weight  of  the  TXl  cell  activated  m-PDA  mutagenic  product  is 
between  300  kDa  and  1,000  kDa.  Thus  the  plant  activated  product  is  associated  with  a  large 
molecule.  This  type  of  association  has  not  been  observed  with  mammalian  activation  of  aromatic 
amines. 

2.5  HPLC  Analysis  for  w-PDA  in  Ultracentrifuged  Supernatant  Fluids  and  XM300  Fractions  from 
Heated  TXl  Cells 


Figure  7  Panel  A  is  a  10  ^1  sample  of  a  10  raM  m-PDA  solution.  Panel  B  is  10  |tl  of  the  ultracentrifuged 
supernatant  and  panel  C  is  10  ;il  of  the  XM300  retentate  from  treated  TXl  cells. 


lb  determine  the  amount  of  parent  compound  that  was  present  in  the  mutagenic  XM300 
fraction  we  prepared  a  standard  10  mM  solution  of  m-PDA.  We  also  prepared  samples  of  the 
ultracentrifuged  supernatant  and  a  XM300  retentate  from  TXl  9ells  treated  with  500  fiM  m-PDA 
(3  h  at  28®C).  A  10  fi\  sample  of  each  solution  was  analyzed  with  HPLC  on  a  5  fim  Ultrasphere  CIS 
column  (4.6  mm  x  150  mm)  with  a  guard  column.  The  mobile  phase  was  3-100%  methanol  with 
50  mM  phosphate  buffer,  3  mM  sodium  heptane  sulfonate,  pH  6.1  with  triethylamine  (Figure  7). 
Panel  A  is  a  chromatograph  of  10  fil  of  a  10  mM  solution  of  Sigma  Chem.  Co.  reagent  grade 
m-PDA.  After  TXl  cells  were  treated  for  3  h  with  500  /iM  m-PDA  the  cells  were  removed  by 
centrifugation.  The  supernatant  fluid  was  recovered  and  centrifuged  at  100,000  xg  for  3  h.  Panel 


B  is  a  chromatograph  of  10  fil  of  the  ultracen- 
trifiiged  supernatant.  A  very  small  amount  of 
m-PDA  appears  to  be  in  the  uitracentrifiiged 
supernatant.  This  supernatant  was  passed  over 
an  Amacron  XM300  ultrafiltration  membrane 
and  the  retentate  collected.  Panel  C  is  a  chro¬ 
matograph  of  a  10  fil  sample  of  the  XM300 
retentate.  Essentially  all  of  the  m-PDA  is  gone 
from  this  sample.  Please  note  that  the  y-axis 
for  Panels  B  and  C  have  a  ~15x  increase  in 
resolution  as  compared  to  Panel  A.  The  unla¬ 
beled  peaks  in  Figure  7  are  unknown  com¬ 
pounds  or  metabolites  in  the  samples. 


2.6  Acetylation/Deacetylation  of  the  Mutagen- 

Macromolecule  Conjugate 

Recently  Watanabe  et  al.  (1990)  developed 
Salmonella  strains  that  were  derivatives  of 
TA98  and  possess  pYG219.  pYG219  is  a 
plasmid  that  contains  a  copy  of  the  gene  that 
encodes  acetyl-CoA:  iV-hydroxyarylaraine  O- 
acetyltransferase  (OAT).  One  strain  — 

YG1024  —  expresses  approximately  100  x 
higher  O-acetyltransferase  activity  than  TA98 
and  is  exceedingly  sensitive  to  aiylhydro^l- 
amines.  These  agents  are  activated  metabolites 
of  promutagenic  nitroarenes  and  aromatic 
amines.  Another  TA98  derivative,  TA98/1,8- 
DNP^  contains  a  deletion  of  OAT  and  does 
not  have  any  O-acetyitransferase  activity.  We 
compared  the  mutagenic  response  of  YG1024, 

TA98  and  TA98/l,8-DNPj,  to  m-PDA  with  and 
without  TXl  cell  activation  in  the  plant 
cellAnicrobe  coincubation  assay.  A  concentra¬ 
tion-response  curve  with  2.5-1,000  ^M  m-PDA 
is  presented  in  Figure  8.  m-PDA  was  not 
directly  mutagenic  to  any  bacterial  tester  strain, 
however,  at  all  concentrations  tested,  strain 
YG1024  was  approximately  3x  more  sensitive 
to  the  TXl-activated  m-PDA  product.  The 
data  demonstrate  that  the  plant-activated  m-PDA  metabolite  is  a  substrate  for  the  bacterial  acetyl- 
CoA*  A^-hydroxyaiylamine  O-acetyltransferase.  This  suggests  that  the  plant-activated  mutagen  has 
a  AMiydroxyamino  functional  group  (Figure  3,  steps  5  and  6).  We  propose  that  acetylation  followed 
by  deacetylation  of  the  plant-activated  product  causes  the  formation  of  a  highly  reactive  aromatic 
nitrenium  ion  which  can  adduct  to  DNA  and  induce  genetic  damage  (Figure  3,  step  7). 


Figure  9  The  effect  of  p-PDA  on  the  plant-activation  of 


250  uM  m-PDA. 


Figure  8  The  effect  of  OAT  expression  on  the  mutagenicity 
of  the  high  mc^ecular  weight  fraction  from  supernatant 
derived  from  m-PDA-treated  TXl  cells. 
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2.7  Titration  Experiments  with  p-Phenylenediamine 

p-Phenylenediamine  (p-PDA)  is  a  isomer  of  m-PDA  and  it  is  not  activated  by  TXl  cells.  We 
tried  to  determine  the  relative  affinity  for  m-PDA  and  the  phase  in  high  molecular  weight  conjugate 
by  titrating p-PDA  in  plant  cell/microbe  coincubation  reaction  tubes  that  contained  250  pMm -PDA. 
We  expected  that  we  would  observe  a  decline  in  the  rate  of  plant  activation  of  m-PDA  if  increasing 
concentrations  of  p-PDA  would  compete  for  the  conjugating  target  molecule.  As  is  illustrated  in 
Figure  9, p-PDA  was  not  plant-activated  when  analyzed  in  the  coincubation  assay  in  a  concentration 
range  from  25-500  /iM  (□).  However,  when  p-PDA  was  titrated  against  a  fixed  concentration  of 
250  pM  m-PDA  there  was  a  concentration-response  (O)  with  a  direct  increase  in  the  mutagenic 
potency  of  the  samples.  These  results  were  unexpected  and  may  mean  that  there  can  be  some  sort 
of  plant-mediated  synergistic  responses  among  these  aromatic  amines.  Further  experiments  are 
planned  to  investigate  this  phenomenon  during  the  next  grant  period. 


2.8  Structure-Function  Analysis  of  the  Plant-Activation  of  Aromatic  Amine  Promutagens 


Plant  systems  can  activate  promutagens  into 
mutagenic  forms  and  the  biochemical  basis  of 
such  transformations  are  now  being  uncovered 
(>^%igner  et  al.,  1989;  1990;  Plewa  et  al.,  1991). 
We  developed  the  plant  cell/microbe  coincuba¬ 
tion  assay  to  investigate  the  plant  activation  of 
promutagens  (Plewa  et  al.,  1983;  Plewa  et  al., 
1988).  In  this  assay,  plant  cells  in  suspension 
culture  serve  as  the  activating  system  and 
microbial  cells  serve  as  the  genetic  indicator 
organism. 

The  plant  cell  coincubation  assay  possesses 
great  flexibility.  Inhibitors  of  biochemical 
pathways  can  be  introduced  into  the  coincuba¬ 
tion  mixture  of  living  plant  and  microbial  cells 
with  the  promutagen.  Alternatively,  different 
microbial  cells  with  different  metabolic  capaci¬ 
ties  can  be  employed.  During  the  first  grant 
period  we  expanded  the  aromatic  amine  sub¬ 
strates  to  include  m-PDA,  2-ami  no  fluorene, 
benzidine,4-aminobiphenyl,2,4-diaminotoluene 
and  2-naphthylamine  (Figure  10). 


Figure  10  Aromatic  amines  analyzed  in  this  study. 
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2.8.1  2-Animofluorene 

With  the  plant  activation  of  2-aniinofluor- 
ene  (2-AF),  both  YG1024  and  TA98  exhibited 
an  increase  in  mutation  induction  (Figure  11). 
YG1024  cells  were  exceedingly  sensitive.  The 
mutagenidty  of  the  plant-activated  2-AF  metab- 
olite(s)  was  approximately  7  times  higher  in 
YG1024  than  in  TA98.  TA98/1,8-DNP4  was 
not  affected  by  increasing  2-AF  concentrations. 
These  results  are  similar  to  those  obtained  with 
2-AF  and  mammalian  S9  activation  where 
YG1024  was  30  times  more  sensitive  than  TA98 
(Einistd  et  al., 

1991). 


2.8.2  Benzidine 

Plant  cellAnicrobe  coincubation  experiments 
were  conducted  with  benzidine  (Figure  12). 
There  was  a  significant  increase  in  YG1024 
revertants  with  0.05  benzidine.  The  in¬ 
crease  in  TA%  revertants  was  5-10  times 
lower  than  YG1024.  There  was  a  slight  in¬ 
crease  in  TA^/1,8-DNP,  revertants  at  high 
concentrations  of  benzidine. 


typhimurium  strain^  YG1024,  TA98  and  TA98/I.8-DNP4. 


12  Hie  Dlaot  activation  of  benzidine  assayed  with  S. 


Figure  11  The  plant  activation  of  2-8niinofluorene  assayed 
with  S.  lyp/umurium  strains  YG1024,  TA98  and  TA98/1.8- 
DNP- 


I 
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2.83  4-Aminobiphenyl 

The  plant  activation  of  4-aminobiphenyl  was 
analyzed  with  these  three  strains  (Figure  13). 
YG1024  was  4-7  times  more  sensitive  than 
TA98.  4-Aminobiphenyl  did  not  affect 
TA98/l,8-DNPj.  The  removal  of  an  amine 
group  —  as  compared  to  benzine  (Figures  10  & 
12)  —  caused  a  significant  reduction  of  the 
mutagenic  potency  of  4-aminobiphenyl. 


Figure  13  The  plant  activation  of  4-aniinobiphen^  assayed 
with  S.  typhimurium  strains  YG1024,  TA98  and  TA98/1^- 
DNP«. 


2.8.4  2,4-Diaminotoluene 

2,4-Diaminotoluene  is  very  similar  to 
m-PDA  (Figure  10).  High  concentrations,  5 
mM  and  greater,  caused  an  increase  in  YG1024 
revertants  (Figure  14).  Avery  slight  increase  in 
TA98  revertants  was  exhibited.  No  increase 
was  observed  in  TA98/l,8-DNPj.  YG1024  was 
1.5-2  times  more  sensitive  than  TA98.  The 
mutagenicity  of  2,4-diaminotoluene  was  com¬ 
pared  in  these  strains  using  mammalian  S9  acti¬ 
vation  (Cunningham  and  Matthews,  1990).  The 
mutation  rate  was  increased  in  YG1024  approx¬ 
imately  5  fold  over  that  in  TA98.  The  addition 
of  a  methyl  group  —  as  compared  to  m-PDA 
(Figure  8)  —  caused  a  significant  reduction  in 
the  mutagenic  potency  of  2,4-diaminotoluene. 


Figure  14  The  plant  activation  of  2,4-dianiinotoluene  assayed 
with  5.  typhimurium  strains  YG1024,  TA98  and  TA98/1,8- 
DNP^ 
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2.8^  2-N2^thylaiiime 

2-Naphthylaiiiine  was  not  activated  by  plant 
cells  (Figure  IS).  There  was  no  significant 
increase  in  YG1024  revertants.  No  significant 
increase  in  IASS  or  TA98/1,8-DNP4  revertants 
was  observed.  It  is  noted  that  2-naphthylamine 
is  a  potent  mammalian  promutagen  and  procar- 
dnogen. 


Ftgm  is  The  plant  activation  of  2-naphth^anune  assayed 
with  S.  typhimurium  strains  YG1024,  TA98  and  TA98/1^ 
DNP^ 


Figure  IS  The  relative  potency  of  six  aromatic  amines  activated  by  TXl  plant  ceils  and  assayed 
in  S.  typhimurium  strain  YO1024. 


It  is  clearly  evident  that  YG1024  is  much  more  sensitive  than  TA98  to  the  plant-activated 
metaboiite(s)  of  selected  aromatic  amines.  The  response  of  YG1024  with  the  plant  activation  of  six 
aromatic  amines  is  presented  in  Figure  16.  This  differential  activation  was  in  the  order  of  2- 
aminofluorene  >  benzidine  >  m-phen^enediamine  >  4-aminobi{^enyl  >  2,4-diaminotoluene.  2- 
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Naphthylamine  was  not  plant-activated.  From  a  structure-function  perspective,  there  appears  to  be 
some  correlation  between  free  diamino  functional  groups.  This  becomes  evident  if  you  consider  the 
relative  plant-activation  potency  of  m-PDA  and  2,4-diaminotoluene,  and  benzidine  and  4- 
aminobiphenyl  (Figure  16).  Although  the  model  presented  here  may  not  be  specifically  correct,  it 
is  a  general  account  for  the  data  on  the  plant-activation  of  aromatic  amines.  The  plant-activated  m- 
PDA  product  is  stable,  and  is  associated  with  a  macromolecule.  The  plant-activated  product  is 
further  metabolized  by  cells  with  high  acetyl-CoA:  iV-hydroxyaiylamine  O-acetyltransferase  activity. 
The  possibility  exists  that  these  plant-activated  products  may  be  formed  into  non-toxic  proximal 
mutagens  in  intact  plants  that  can  be  metabolized  back  into  potent  frameshift  mutagens  in  organisms 
that  consume  the  plants.  This  research  suggests  that  plants  may  serve  as  a  repository  of  proximal 
mutagenic  metabolites  of  xenobiotics  that  may  be  transported  through  the  food  chain.  - 
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